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Sensor name 

Garrick 2002 Frensor 

Hammond et al. 

2007 

Ruiz-Llata et al. 

2014 Yamada-Giken Lufft MARWIS Teconer 

 

 

 
 

   

Data collection 

- limitation 

Only collects 

data when tire 

splash from the 

road surface can 

be collected. 

Clogging issues 

did occur from 

abrasives in tire 

splash. 

Only collects data 

when tire splash 

from the road 

surface can be 

collected. 

Fluorescence signal 

detection and stability 

range of 32° to 41°F. 

May not perform well 

at colder temps 

typical during winter 

maintenance 

operations, or 

working temp range 

for chloride based 

products (15° to 

32°F). 

No field testing 

conducted. 

Only collects 

data when tire 

splash from the 

road surface can 

be collected. 

Surface 

condition 

information only 

applies where 

NaCl is used. 

Currently only 

reports 

chemically wet 

road surfaces. 

Issues associated 

with the brine 

fraction (salt 

concentration) 

calculation 

method occur at 

temps above 

freezing and when 

friction values are 

not changing, 

such that the 

calculation 

method does not 

work. 

Error Rate 
   

10%  ±0.8 at 0°C 3% 

Maturity of 

Development 

Fully developed 

and tested field 

prototype. 

Fully developed 

and field tested 

commercially 

available product. 

Developed and tested 

lab prototype. Dry 

surface data were not 

strong enough to 

produce a value. 

Developed and 

tested lab prototype. 

Working this next 

year to develop a 

field prototype. 

Fully developed 

and field tested 

commercially 

available 

product. 

Does not report 

salinity at this 

time. Other 

parameters are 

fully developed 

and field, tested 

commercially 

available product. 

The calculation 

method is fully 

developed and 

field tested, but is 

not currently 

linked with a 

sensor or user 

interface. 
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Sensor name 

Garrick 2002 Frensor 

Hammond et al. 

2007 

Ruiz-Llata et al. 

2014 Yamada-Giken Lufft MARWIS Teconer 

 

 

 
 

   

User Interface None 

The data is 

reported real time 

in graphical, 

tabular, map 

display in the 

vehicle on a 

computer screen. 

The use of the map 

display requires 

GPS. The system 

allows for remote 

viewing of the 

data. 

None None 

The system uses 

GPS technology 

to track the 

vehicle location, 

and a telecom 

antenna to relay 

data every 5 

seconds to a 

computer for 

remote viewing, 

as well as on an 

in-vehicle 

display. 

The in-vehicle 

user interface is 

an iPad mini with 

a user interface 

program. Data 

from up to six 

separate sensors 

can be viewed on 

one user interface 

at a time. Remote 

viewing of data 

capable. 

None 

Cost Estimate NA $70,000 - $75,000 NA NA 

$1,500–$5,400 

(does not include 

shipping from 

Japan) 

$5,300, offering 

free 3 month field 

trial 

$9,000 for the 

sensor, no cost for 

the calculation 

method 

Recommended 

for Field 

Trials 

No No No 
Yes, Phase II 

(2016–2017) 
No 

Yes, Phase II 

(2016–2017) 
No 
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The advantages of using vehicle-mounted salinity sensors include the continuous measurement 

of salinity, increased efficiency and therefore less time spent on data collection and the use of 

data to make application decisions, and the ability to take measurements while plowing, on 

patrol, etc. The disadvantages of using vehicle-mounted salinity sensors include their higher 

relative cost compared other types of salinity sensors and the fact that, generally, the sensors 

only sample in a single line on the road (i.e., the wheel path). 

The following recommendations can be made based on the findings of the literature review, 

survey, and follow up interviews. 

Phase II Field Testing Recommendations 

Both the Ruiz-Llata and Lufft MARWIS-UMB mobile salinity sensors show a lot of promise as 

mobile vehicle-mounted salinity sensors. Unfortunately, however, these technologies require at 

least one or more years of development before they are ready for field trails. For this reason, we 

recommend that these technologies be considered for testing during the winter of 2016–2017. To 

ensure that these technologies are ready for field testing during the winter of 2016–2017, we 

suggest that the Aurora technical team and the researchers communicate this plan to Marta Ruiz-

Llata and Lufft.  

One consideration for the Phase II field trials is the side-by-side comparison of a mobile salinity 

sensor that directly measures residual chloride on the road surface and that is still in 

development, e.g., Garrick et al. (2002) or Ruiz-Llata et al. (2014b), with a sensor that indirectly 

measures salinity on the road surface but that is fully developed, e.g., Frensor, Yamada-Giken, or 

Teconer. 

Phase III Blended Product Detection Using Mobile Salinity Sensing Technology 

The use of blended products in winter maintenance operations is becoming more common; in 

fact, it is standard practice in many places. Blended products may be a mixture of liquid 

chlorides, liquid and solid chlorides, chlorides with agriculturally derived products, or non-

chloride-based products. It is important to ensure that the technology that is being invested in by 

transportation agencies is able to grow or be easily modified to accommodate changing practices 

and de-icing materials used. For this reason, we suggest testing the most viable mobile salinity 

sensing technologies for their ability to detect and determine salinity concentrations on road 

surfaces where blended products are used.
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APPENDIX A. PRACTITIONER SURVEY RESULTS 

A survey was distributed through the online survey tool Survey Monkey in February 2015 and 

was open for responses for one month. The purpose of this survey was to gather information 

from winter maintenance professionals at state, provincial, and local transportation agencies on 

their experience with salinity sensors used in winter snow and ice control operations to measure 

salt concentration on pavements. The survey consisted of 14 questions. A total of 50 people 

accessed the survey, but participants did not respond to every question. Detailed information 

about each question and the responses are provided below.  

Q1: Please provide your contact information. 

A total of 33 responses from 6 countries were received from Norway (n=1), Finland (n=1), 

Denmark (n=1), U.K. (n=1), Canada (n=4), and US (n=25), and 17 respondents skipped this 

question. The US respondents were from 17 states, including California (n=2), Colorado (n=1), 

Indiana (n=1), Iowa (n=3), Kansas (n=1), Massachusetts (n=1), Michigan (n=1), Minnesota 

(n=3), Montana (n=1), Nevada (n=1), New York (n=1), North Dakota (n=2), Ohio (n=1), 

Pennsylvania (n=2), Utah (n=2), West Virginia (n=1), and Wisconsin (n=1) (Figure 13).  

 

Figure 13. US states with survey respondents 

Survey respondents were mainly from “State or Province” winter maintenance agencies 

(68.75%), with a smaller percentage from the “Company” (36.36%) category. There were also a 

few other respondents from the “University” (9.09%) category. Specific response counts and 

percentages for each agency type are presented in Table 5. 
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Table 5. Number of responses for each agency type. 

Agency Type Response Percent Response Count 

State or province winter maintenance agency 68.75% 22 

University 9.09% 2 

Company 36.36% 8 

Answered question 32 

Skipped question 1 

 

Q2. Do you or your agency use salinity sensors in winter maintenance operations? (Salinity 

sensors are designed to measure the salt (or chloride) concentration on pavement.)  

There were 50 responses collected for this question; 22 answered “Yes” and 28 marked “No,” 

which implies that although salinity sensors are theoretically beneficial to the winter 

maintenance activities, efforts explaining the benefits of these sensors may help increase the use 

of these sensors and determine the reason for the limited use of salinity sensors. Responses are 

shown in Figure 14.  

 

Figure 14. Survey responses for the use of salinity sensors in winter maintenance 

operations 

Q3. If no, have you considered using salinity sensors? Please explain.  

Among the 28 respondents that answered “No” in Q2, a total of 16 responded to this follow-up 

question. Comments provided by these respondents are shown in Table 6. 

44.0%

56.0%

Do you or your agency use salinity sensors in winter maintenance 
operations?

Yes

No
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Table 6. Follow-up comments on the considerations of using salinity sensors 

Agency Comments 

Iowa DOT 

Yes, we have purchased some. We have Vaisala FP2000s, which 

are supposed to do salinity measurements but we don't trust the 

readings. 

Nevada DOT 
No, maintenance of devices is a challenge with our available 

resources. That’s not something we thought about yet. 

North Dakota DOT Not at this time 

University of 

Birmingham 
Personally not involved in operations. 

Lufft USA Inc. We are a manufacturer of RWIS sensors. 

Pennsylvania DOT 

Previously used with the RWIS network but the system is currently 

down for replacement. 

We’ve thought about it at a high level, but never moved on it. To 

our knowledge there are none sufficiently rugged enough to 

withstand the environment of a plow truck. 

Yes, on brine makers, but they have proved unreliable. 

No 

Alberta 

Transportation 

Our department is just getting into anti-icing, and have not needed 

to know residual chloride concentrations up to now. 

Sustainable Salting 

Solutions, LLC 

Yes. This could be one of the most important tools for winter 

maintenance after the pavement temp. 

Minnesota DOT Have no knowledge of them 

Iowa DOT 

We have not considered using these sensors. We are focusing our 

efforts in other areas such as updating our GPS/AVL system along 

with our regular temperature sensors on our snowplow trucks. 

Minnesota DOT 

Yes, we are interested in knowing existing salinity concentrations 

so as to adjust app rates. 

We don’t use salt. 

We have discussed but not in depth. Our salt brine program is still 

in the early stages. 

 

Q4. If yes, what kind of salinity sensors do you use? (Please describe the salinity sensors 

you use, whether multiple from a category or from varying categories below.) 

Among the 22 respondents that answered “Yes” in Q2, 12 provided follow-up responses to this 

question. In total, 9 responding agencies stated that they use “in-pavement sensors” (75%), 2 

agencies reported the use “portable but not vehicle-mounted sensors” (16.7%), and 1 agency 

stated it uses “vehicle-mounted sensors” (8.3%). Detailed responses on the type of salinity 

sensors used by respondents are presented in Table 7. 
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Table 7. Salinity sensors used by survey respondents 

Agency In-pavement sensors 

Portable but not 

vehicle-mounted 

sensors 

Vehicle-mounted 

sensors 

Minnesota DOT Yes Not used Not used 

New York DOT Lufft IRS 31   

Teconer Ltd   
Road Condition 

Monitor 

North Dakota DOT FP2000 and IRS31 None None 

Ohio DOT 
VX-21-2 and some 

FP-2000 
  

Utah DOT Lufft IRS21   

Kansas DOT 

FP-2000, IRS3, Non-

Invasive Pavement 

Sensor 

  

Wisconsin DOT Vaisala   

Massachusetts DOT 
Ground Hogs 

provided by Vaisala 
  

AIBAN Vinterservice  Salt stick  

Brun-Way Highways 

Operations 
For RWIS Stations   

University of Waterloo  SOBO20  

 

Q5. For each salinity sensor you use please provide specific information such as 

manufacturer, model, purchase price, annual maintenance cost, typical service life, 

mounting location, etc. 

Because this is a follow-up question from Q4, a total of 13 responses were collected for this 

question, including the 12 respondents of Q4 and an additional respondent from the Utah 

Department of Transportation. Specific information about the salinity sensors used is 

summarized in Table 8. 
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Table 8. Specific information of adopted salinity sensors 

Type of 

Senor Agency Manufacturer Model 

Purchasing 

cost 

Annual 

maintenance 

cost 

Typical service 

life 

Mounting 

location 

Additional 

information 

(please specify) 

In-

pavement 

Minnesota 

DOT 
Vaisala FP 2000 $3,100 

 
3–10 years 

Just outside of 

right wheel 

track 

 

New York 

DOT 
Lufft IRS 31 

$5,000+ 

each 
Minimal 

Guessing 10 

years 

In driving lane 

as per Lufft 

guidelines 

IRS 31 no longer 

manufactured? 

North Dakota 

DOT 
Vaisala, Lufft 

FP2000, 

IRS31 

Not sure, we 

don't buy 

them directly 

$300 10 years 
Just inside 

wheel path 
 

Ohio DOT 
MH Corbin / 

Vaisala 

VX-21-2/ 

FP-2000 

$1,387.00/ 

$5,581.16 
$0.00/ $0.00 

Unknown / Life 

cycle of 

pavement unless 

they are cut. The 

sensor is not 

removable. 

Both are in the 

roadway or 

bridge decks 

 

Utah DOT Lufft IRS21 $4,455 

$1,078.49 per 

RWIS site 

(2014) 

~ 3 years 

1 ft into the 

lane just 

outside of the 

tire track. 

 

Kansas DOT Vaisala, Lufft 
FP-2000, 

IRS31 

$3,900, 

$5,468 
None 10 years In wheel path  

Wisconsin 

DOT 
Vaisala FP2000 $4,000 Unknown 

 
10 years 

 

Massachusetts 

DOT 
Vaisala 

   
< 5 years 

 

They were installed 

many years ago. 

Brun-Way 

Highways 

Operations 
    

8 years 
Fixed puck in 

the pavement 
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Type of 

Senor Agency Manufacturer Model 

Purchasing 

cost 

Annual 

maintenance 

cost 

Typical service 

life 

Mounting 

location 

Additional 

information 

(please specify) 

Portable 

(not 

vehicle-

mounted) 

University of 

Waterloo 
Boschung SOBO 

$8,000 

($6,300 US)  
  

We faced a lot of 

problems with this 

device (to be 

honest). 

AIBAN 

Vinterservice 
Boschung Sobo 20 

50,000 kr 

DK ($7,300 

US) 

1,000 kr DK 

($146 US) 
20 years 

More places 

across the road 
 

Vehicle-

Mounted 
Teconer Ltd Teconer Ltd RCM411 $9000 USD $100 USD 

Estimate 5–10 

years 

Rear or front 

of vehicle 

The sensor 

provides friction 

reading, which is 

readily convertible 

to Brine Fraction 

(i.e. salt 

concentration) 
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Q6. How do you use the information provided by the salinity sensor(s)?  

Thirteen responses were obtained for this question, with all comments shown in Table 9. 

Table 9. Survey answers about the usage of information provided by the salinity sensor(s) 

Agency Comments 

Minnesota DOT Freeze point determination 

New York DOT 
Field staff may use to view pavement condition such as presence of 

ice. 

Teconer Ltd. 

Information is used to assess: - whether there is risk for refreezing 

during lowering surface temperatures or light 

precipitation/condensation - quality of taken gritting action (Is there 

enough salt or anti-icer?) 

North Dakota DOT Used to determine the current freezing temperature of the roadway. 

Ohio DOT 
The information is used to determine whether or not the roadway is 

chemically wet. 

Utah DOT 

We use them to see if our application rate is adequate and have been 

able to cut down on our application rates based on salinity on 

pavement at next application. 

Utah DOT 
These sensors are used primarily by road maintenance crews to 

adjust or re-apply mitigation materials. 

Kansas DOT We currently report a chemical factor 

Wisconsin DOT To determine future chemical applications 

Massachusetts DOT 
They are just part of our RWIS info. We don't have as much 

confidence in them as they are in the last years of their life. 

AIBAN Vinterservice 

Typical Sobo20 are used before workers go home. Sometimes the 

result is that there is enough salt on the road. Another way we use 

Sobo 20 is to measure where the salt spreader, place the salt on the 

road. In that way we measure on a wet road 2 hours after spreading 

salt. 

Brun-Way Highways 

Operations 

We have 5 RWIS with fixed salinity sensor (puck) incased in the 

pavement. It is used to forecast road surface conditions 

University of Waterloo Research purpose, to model residual salts. 

 

Q7. Please explain when and how often the salinity sensors are used.  

A total of 12 responses were obtained for this question. Details are provided in Table 10. 
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Table 10. Survey answers about when and how often the salinity sensors are used 

Agency Comments 

Minnesota DOT The pucks are at each RWIS station. 

New York DOT 
Limited data is only rarely viewed by field staff via contractor 

hosted website. 

Teconer Ltd. 

For refreezing studies the system is still in experimental use. For 

quality control the use is expanding, but still not in daily use in all 

areas. 

North Dakota DOT 
Our Staff uses the readings most of the winter, MDSS also utilizes 

the information. 

Ohio DOT 
They are part of our RWIS network and used by our Weather and 

Pavement Forecasting vendor. 

Utah DOT 
I used them after each storm and during to check for prop 

application rate. 

Utah DOT These sensors are used during winter storm events. 

Kansas DOT 
The salinity sensors are in service year route. The chemical factor 

tells you the amount a residual salt on the road surface. 

Wisconsin DOT Occasionally. 

Massachusetts DOT They are included in our RWIS data. 

AIBAN Vinterservice 
After salting the SOBO 20 is used every day (until there is not more 

salt). 

Brun-Way Highways 

Operations 
Fixed in the pavement, use for road condition forecasted. 

 

Q8. What is the accuracy of the salinity sensor(s) you use? (Please list each salinity sensor 

you use and rate the accuracy of the measurement as (a) 100% accurate, (b) 90 to 75% 

accurate, (c) less than 75% accurate. Provide additional comments as you see fit.).  

Ten agencies provided responses to this question. The major share of the obtained answers 

included low accuracy (e.g., less than 75% accurate) and lack of a salinity test. Detailed 

responses are provided in Table 11. 
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Table 11. Comments on the accuracy of salinity sensors adopted by the survey respondents 

Agency Comments 

Minnesota DOT c. The passive sensors are very poor at determining salinity 

New York DOT We have never conducted tests to determine this. 

Teconer Ltd 

The measurement result (friction) is providing Brine Fraction, i.e. 

concentration at a given temperature. The accuracy of concentration 

is about 3 % for NaCl (about 0.15 in Brine Fraction). 

North Dakota DOT We have not tested this. 

Ohio DOT I am not sure of their accuracy. 

Utah DOT 

We perform testing in the field twice a year. We do not record 

measurements but detect if the sensor is working or not. I would 

estimate (b), 90 to 75%. The sensor we use is the Lufft IRS21. 

Wisconsin DOT c 

Massachusetts DOT Less than 75% accurate, because of age. 

AIBAN Vinterservice 

When they are more than 1.5 gram salt per square meter, Sobo 20 is 

100% accurate (more than 90% accurate). Measurements placed on 

2 roads with 12 km between, but on the same salting route have a 

very high correlation. 

University of Waterloo 
We used two years, so far I remember it prediction level is 

questionable 

 

Q9. If you use salinity sensors mounted on vehicles, what type of vehicle are they mounted 

on? 

There were 12 responses to this question. However, 9 (75%) of them responded with “We do not 

use vehicle-mounted salinity sensors”; only one respondent, from Teconer, Ltd., explained that 

Teconer mounts salinity sensors on the “Snowplow,” “Patrol,” and “Spreader” winter 

maintenance vehicles. Detailed information and additional comments are provided in Table 12.  
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Table 12. The type of vehicles that survey respondents mounted their salinity sensors on 

Agency Snowplow 

Patrol 

vehicle Spreader 

We do not use 

vehicle-mounted 

salinity sensors 

Other (please 

explain) 

Minnesota DOT    √  

New York DOT    √  

Teconer Ltd √ √ √   

North Dakota 

DOT 
   √  

Ohio DOT    √  

Utah DOT     

Jeff in our RWS 

group at 801-887-

3703 can get you 

all the info on 

sensors we have 

used, brands etc. 

Utah DOT    √  

Kansas DOT    √  

Wisconsin DOT    √  

Massachusetts 

DOT 
   √ 

We are looking as 

several to demo but 

have not purchased 

any yet. 

AIBAN 

Vinterservice 
   √  

Brun-Way 

Highways 

Operations 

    

I was not aware of 

these mobile 

salinity sensors. I 

would be interested 

to learn more on it. 

 

Q10. Would you be willing to share your experience using salinity sensors? 

There were 12 responses to this question; 11 answered “Yes” and 1 answered “No.”  

Q11. If a mobile vehicle-mounted salinity sensor was available, would you consider using 

this technology to support your winter maintenance operations? 

In total, 30 respondents answered this question, of which 7 respondents answered “Yes,” 17 

responded “I would consider it,” 3 answered “Not sure,” and 3 answered “No” (Figure 15). 

Additional comments are provided in Table 13. 
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Figure 15. Survey results showing if respondents would consider using an available mobile 

vehicle-mounted salinity sensor 

Table 13. Additional comments on the considerations of using mobile vehicle-mounted 

salinity sensor 

Agency Comments 

The Narwhal Group 
As a weather forecasting operation, it could be utilized by us or our 

clients. 

University of 

Birmingham 

Would be interested to see it and to link with current research 

initiatives, 

Lufft USA Inc. Lufft does manufacture a mobile RWIS sensor. 

Ohio DOT 
Possibly if the price was low enough and it also provided air and 

pavement temperature readings. 

Wisconsin DOT I would have to be sold on the accuracy. 

Massachusetts DOT The cost currently is the biggest drawback. 

Minnesota DOT Needs to be accurate and dependable. 

AIBAN Vinterservice Yes, if measurements correlation are good enough. 

Brun-Way Highways 

Operations 
Depending on the price of these sensors 

 

Q12. What do you see as barriers to using a mobile salinity sensor in your winter 

maintenance operations? 

A total of 27 responses were collected for this question. According to the answers to some of 

above questions, e.g., Q8, it is not surprising to see that “accuracy” was reported by about 11 

23.3%

56.7%

10.0%

10.0%

If a mobile vehicle mounted salinity sensor was available would you 
consider using this technology to support your winter maintenance 

operations?

Yes

I would consider it

Not sure

No
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respondents as one of barriers to mobile salinity sensor usage. Comparatively, “cost” is another 

major concern reported by about 10 respondents, followed by sensor durability, effectiveness, 

and convenience, etc. Detailed comments are provided in Table 14. 

Table 14. Comments on barriers to mobile salinity sensor usage in winter maintenance 

operations 

Agency Comments 

Iowa DOT 
Accuracy. We have tried using them in the past but eventually 

accuracy undermined the value of the sensor. 

The Narwhal Group Cost, I assume is the main barrier. 

Minnesota DOT Ease of mounting and durability. 

Nevada DOT Cost, implementation and management. 

North Dakota DOT We don't have any interest in them at this time 

New York DOT 
Costs to acquire, operate & maintain. Difficulty getting field staff 

buy in. 

University of 

Birmingham 

Depends on the technology. Consistency in a harsh environment 

would be an obvious concern. 

Teconer Ltd (Sorry, we are making the sensor, not directly in operations.) 

Pennsylvania DOT 
May not be effective in heavier snow events where snow is laying on 

top of liquid on the road. 

North Dakota DOT Accuracy. 

Ohio DOT 

Cost, accuracy, subsurface temperature, durability. 

Accuracy, durability, culture. 

Because of the miles of road the cost to equip enough vehicles would 

high. The mobility and reliability of the equipment mounted on the 

vehicle needs to be proved. 

Pennsylvania DOT Cost- we have a fleet of 2700 trucks and 90,000 miles to maintain 

Alberta Ministry of 

Transportation 

In Alberta, all highway maintenance is done by contractors. Our 

department would need to do a contract change for short-term 

introduction of salinity sensors, or take longer to introduce them as 

part of new contract award. 

Utah DOT Accuracy of sensor. 

Sustainable Salting 

Solutions, LLC 

Multitude of chemicals on the pavement that could affect salinity 

readings. Also sensors seem to have high failure rates in the real 

environments. 

Utah DOT 
Just ensuring that the positioning on the vehicle is optimal for precise 

measurements. I am not involved directly in maintenance operations. 

Kansas DOT Cost/Need/Sustainability. 

Wisconsin DOT Accuracy in that environment. 

Massachusetts DOT Cost. 

Iowa DOT Not sure. 

Minnesota DOT Accuracy and dependability. 

AIBAN Vinterservice The accuracy. 

Brun-Way Highways 

Operations 
Price and maintenance of the sensors. 
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Agency Comments 

University of Waterloo 

If we need to use manually, it will not work. It should be like weather 

forecasting, why not we imagine residual salt data will also be 

forecasted by RWIS/like service. 

Funding. 

 

Q13. What do you see as potential benefits of using mobile salinity sensors in your winter 

maintenance operations? 

A total of 25 agencies responded this question. Responses generally involved the potential 

benefits of salinity sensors in controlling salt application and their positive assistance in winter 

maintenance practice (around 90%), which reflects a willingness to consider using this 

technology in the future. Detailed comments are shown in Table 15. 

Table 15. Comments on the potential benefits of using mobile salinity sensors in winter 

maintenance operations 

Agency Comments 

Iowa DOT 
Many. Mostly being able to assess whether the current treatment is 

holding out, and where it needs to be retreated (and by how much). 

The Narwhal Group Improve pavement condition forecasts for our clients. 

Minnesota DOT Great info to have if accurate. 

Nevada DOT 
Identify vulnerable areas and environmental sensitive areas and 

potential structural damaging level. 

North Dakota DOT NA. 

New York DOT 
If affordable these could provide another tool for chemical 

application decision making. 

University of 

Birmingham 

Controlling spread rates dynamically based on existing 

measurements. 

Lufft USA Inc. Timely data. 

Teconer Ltd. 

The benefits are:  

- Less liquid spray (better visibility when following another vehicle). 

Makes it possible to adjust salt or anti-icer amount so that partial 

freezing (ice fraction / brine fraction) is properly controlled 

- Potential for saving salt and anti-icers 

- Allows location- and measurement-based control of gritting 

Pennsylvania DOT Possible reduction in material use. 

North Dakota DOT Added information to input into MDSS. 

Ohio DOT 

If they also provide pavement and air temperature data, they would 

serve multiple purposes. 

Reduced application of chlorides and therefore cost savings. 

Limit salt consignation. 

Pennsylvania DOT Extra piece of data to make decisions from. 
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Agency Comments 

Alberta Ministry of 

Transportation 

Our beats tend to be long, and cycle time can be several hours. 

Knowing if there were residual chlorides on highways would allow 

us to adjust application rates when we do get back to a location that is 

far away from the shop. 

Utah DOT Could check any area vs stationary sensor in pavement. 

Sustainable Salting 

Solutions, LLC 
Wow....timing chemical applications...more precision. 

Utah DOT I am not involved directly in maintenance operations. 

Wisconsin DOT One could get reading for an area and not just a point. 

Massachusetts DOT 

If you can have an accurate reading of the sodium chloride on the 

pavement allows the agency to apply when needed not at the 

appearance of needing it. Good tool when becomes more cost 

effective. 

Iowa DOT Tracking salt usage. 

Minnesota DOT Better information, better decisions. 

Brun-Way Highways 

Operations 

These sensors could be another tool for the road patrollers to make 

the proper decisions. It would have a huge benefit for road safety and 

for reducing material quantity. 

University of Waterloo 
Reduce salt amount, save direct and indirect costs for all stakeholders 

and taxpayers. 

 

Q14. Do you have contacts or documents relevant to vehicle-mounted salinity sensors you 

would recommend to the researchers of this project? (Please provide links to the 

documents below or upload here.) 

There were 22 responses to this question, 6 of which provided direct or indirect additional 

contact information relevant to vehicle-mounted salinity sensors. Detailed comments are listed in 

Table 16. 
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Table 16. Comments on providing additional contacts or documents relevant to vehicle-

mounted salinity sensors 

Agency Comments 

University of 

Birmingham 
You have seen our paper already. 

Lufft USA Inc. 
Please see the email to Laura Fay. http://lufft-

marwis.com/en_US/specifications.  

Teconer Ltd 

Please, contact Jim Boyle, The KRS Sales Group, 3 Fayfarer Drive, 

Plymouth, MA 02360, USA, phone: (224) 600-3379, Email: 

jboyle@thekrssalesgroup.com. 

Sustainable Salting 

Solutions, LLC 

Ohio University did some work a number of years ago with Ohio 

DOT support. It was a good study, but they had problems with the 

SOBO 20 salinity meter as I recall. I have the study somewhere in 

my files. 

Kansas DOT 
Lufft, MARWIS, Contact Mike Corbett, 919-623-8952, 

mike.corbett@transequipserv.com 

Massachusetts DOT There is a company in Massachusetts selling to airports. 

 

http://lufft-marwis.com/en_US/specifications
http://lufft-marwis.com/en_US/specifications
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APPENDIX B. IN-PAVEMENT AND PORTABLE SALINITY SENSING 

TECHNOLOGY 

In-Pavement Salinity Sensors 

In-pavement sensors are commonly used to measure the salinity of the road surface. In-pavement 

sensors determine the salt concentration of the road surface by testing the electrical conductivity 

of the environment. However, as indicated by the name, in-pavement sensors only provide 

information at a fixed location (Figure 16). These sensors have been used as reference points for 

verifying the presence of salt rather than as a tool that provides details about salt concentration 

and variations in salt concentration on the roadway. Some in-pavement sensors can also test the 

temperature or humidity of pavement surfaces (Sherif and Hassan 2004). 

 
Cai et al. 2014 

Figure 16. Embedded pavement sensor 

Currently, several companies can provide in-pavement sensors with stable testing capability. 

Vaisala and Boschung supply in-pavement sensors to monitor the surface condition of bridges 

and pavements. Vaisala sensors mainly include bridge surface, road and runway surface, depth 

(DRS511), and SSI passive pavement sensors 

(http://www.vaisala.com/en/products/Pages/default.aspx). The Boschung sensors include the 

BOSO III, Arctis, IT-Sens, and Bopas (http://www.boschung.com/en/). 

Vaisala Bridge Surface Sensor  

The Vaisala bridge surface sensor can measure the pavement surface temperature and ground 

temperature at about 60 mm in depth. It can also detect freezing point depression, chemical 

amount, black ice, and the surface condition of the pavement, including water/ice layer thickness 

and presence of snow and moisture. In addition, it can provide an alert when rain, frost, or ice are 

detected. The sensor is thermally passive, which means it does not disturb the surface. The maker 

states that the robust epoxy body of the sensor guarantees its testing accuracy, even allowing for 

as much as 10 mm in wear, and it can be installed in the wheel track.  

http://www.vaisala.com/en/products/Pages/default.aspx
http://www.boschung.com/en/
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Vaisala In-Pavement Runway Sensor DRS511 

DRS511 is similar to the bridge surface sensor, can measure pavement surface temperature and 

ground temperature at a depth of about 300 mm, and can detect freezing point depression, 

chemical amount, black ice, and the surface condition of the pavement, including water/ice layer 

thickness and the presence of snow and moisture. The maker states that with the developed 

epoxy material, the testing accuracy can be guaranteed even with as much as 35 mm of wear. 

Vaisala SSI Passive Pavement Sensor FP2000 

FP2000 can detect pavement condition and determine whether water or a chemical solution 

exists on the pavement. It is a durable and reliable sensor that can withstand heavy traffic, tire 

chains, snowplows, and extreme weather conditions. The maker states that the FP2000 utilizes 

patented technology consisting of a combination of temperature and capacitance sensors and two 

sets of four-point sensing nodes to measure pavement condition, as well as a sensor that collects 

moisture and chemical information. 

Boschung IT-Sens Sensor 

Boschung IT-Sens sensor is an in-pavement sensor that can monitor pavement surface condition. 

It has three versions: Traffic Control Support (TCS), Winter Service Support-Basic (WSS-B), 

and Winter Service Support-Evolution (WSS-E). The specifications of these three versions are 

listed in Table 17.  
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Table 17. Specifications of the Boschung IT-Sens sensors 

Specifications TCS WSS-Basic WSS-Evolution 

Survival range -40ºC to +80ºC -40ºC to +80ºC -40ºC to +80ºC 

Pavement Surface 

Temp 
-40ºC to +75 ºC -40ºC to +80ºC -40ºC to +80ºC 

Accuracy 
-15ºC to +10ºC: 

0.2ºC else:  0.8ºC 

-15ºC to +10ºC:  0.2ºC 

else:  0.8ºC 

-15ºC to +10ºC: 

0.2ºC else:  0.8ºC 

Resolution 0.1ºC 0.1ºC 0.1ºC 

Water Film 

Thickness 
0 mm to 10 mm 0 mm to 10 mm 0 mm to 10 mm 

Resolution 0.01 mm 0.01 mm 0.01 mm 

Pavement Status 
Dry/moist/wet/ 

flowing/ice 

Dry/moist/wet/flowing/ice/ 

snow/frost 

Dry/moist/wet/ 

flowing/ice/snow/frost 

Freeze-Point Temp N/A -30ºC to 0ºC -30ºC to 0ºC 

Accuracy N/A 
-2.5ºC to 0ºC:  0.5ºC else: 

 20% 

-5.0ºC to 0ºC:  0.5ºC 

else:  15% 

Resolution N/A 0.1ºC 0.1ºC 

Chemical Factor N/A 0% to 100% 0% to 100% 

Cable Length 

Standard 
30 m 30 m 30 m 

Cable Length 

Extension 

Up to 600 m (with 

kit) 
Up to 600 m (with kit) Up to 600 m (with kit) 

Communication 
R5-485 (CAN 

BUS optional) 

R5-485 (CAN BUS 

optional) 

R5-485 (CAN BUS 

optional) 

Operating Voltage 12 to 24 V DC 12 to 24 V DC 12 to 24 V DC 

Power 

Consumption 
 0.5 W 0.5 W 0.5 W 

Diameter 90 mm 90 mm 90 mm 

Height 42 mm 42 mm 42 mm 

Weight (with 30m 

cable) 
3.250 Kg 3.250 Kg 3.250 Kg 

Enclosure Rating IP 68 IP 68 IP 68 

Chemical 

Resistance 
Excellent Excellent Excellent 

MTBF*  60,000 hours  60,000 hours  60,000 hours 

* MTBF = mean time between failures 

Boschung Bopas Sensor 

Boschung Bopas sensor used in combination with RWIS measures the condition of the pavement 

and provides information on pavement temperature, pavement conditions (dry, humid, wet, black 

ice, frost), and presence of salt (salt concentration and remaining quantity of salt). It features 

three alarm levels for present time and forecasts and is able to distinguish between black ice, ice, 

and frozen snow. 
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Boschung BOSO III System 

The BOSO III system uses an active/passive sensor design. The passive element measures 

pavement temperature, road condition (wet/dry), and water film thickness. The active 

element cools itself by 3.6ºF below the road surface temperature to determine the freezing point 

of the liquid present (calculated) and alerts the user, via the BORRMA software, to a possible icy 

condition. This sensor is capable of spraying a Boschung FAST or micro-FAST system. It also 

has features similar to those of the Bopas sensor, in that it has three alarm levels for present time 

and forecasts with a measured ice warning feature included in the second alarm level. 

Boschung ARCTIS 

Boschung ARCTIS, similarly to the BOSO III sensor, cools itself (by up to 27ºF) below the road 

surface temperature and displays the actual freezing point via the BORRMA software 

(calculated), regardless of the chemical on the roadway, eliminating the need for chemical 

algorithms and look-up tables. It also is capable of reporting pavement temperature, pavement 

status (dry, humid, etc.), water layer thickness, freezing point temperature (calculated), salt 

factor/chemical concentration, and the remaining quantity of salt. 

Lufft ARS31Pro-UMB  

The in-pavement sensor Lufft ARS31Pro-UMB is used to determine the freezing temperature of 

a mixture-independent liquid on the pavement surface. It can be used to measure (1) salt 

concentration (e.g., NaCl, CaCl2, and MgCl2), (2) product concentration (e.g., potassium acetate 

and potassium formate), and (3) freezing temperature (independent of mixture). Moreover, the 

ARS31Pro-UMB is able to measure dry/wet conditions and road surface temperature. Its 

replaceable working feature means that it can be built into new and existing UMB networks. The 

technical data for the Lufft ARS31Pro-UMB and information about its external road surface 

temperature and freezing point measurements are shown in Table 18.  
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Table 18. Key features of Lufft ARS31Pro-UMB 

Technical Data 

Dimensions   120 mm, height 50 mm 

Weight Approx. 1100 g 

Detectable road conditions Dry/wet/critical wetness/ice alert 

Storage temperature -40ºC to 70ºC (-40ºF to 158ºF) 

Protection type IP 68 

Op. power consumption 9 to 36 V DC 

Plug 
CAGE CLAMP, WAGO (cross-section  0.5 

mm2) 

Op. temperature range -40ºC to 70ºC (-40ºF to 158ºF) 

Operating humidity range 0% to 100% RH 

Power consumption Approx. 30 W 

Interface 
RS485, baud rate: 2,400 to 38,400 blt/s 

(default: 19,200) 

External Road 

Surface Temp 

Principle  NTC 

Measuring range -40ºC to 70ºC (-40ºF to 158ºF) 

Accuracy  0.2ºC (-10ºC to 10ºC), or  0.5ºC 

Resolution 0.1 

Freezing Point 

Measuring range -20ºC to 0ºC (-4ºF to 32ºF) 

Accuracy  
 0.5ºC RMS for Tg   -15ºC, or  1.5ºC 

RMS for Tg   -15ºC (at NaCl) 

Accessories  

UMB interface converter ISOCON-UMB 

Spare part cap + electronics ARS31 Pro-UMB 

Surge protector 

Digital-analog-converter DACON8-UMB 

 

MH Corbin VX21/VX22 

The VX pavement sensors are sealed and potted devices that measure road surface and subgrade 

temperatures, as well as conductivity (reporting the presence of salt) and the presence of 

moisture on the roadway. The VX sensors are wireless and can communicate up to 600 ft. The 

sensors can be added to a RWIS or used as a standalone sensor. The standalone system comes 

with a VXMS radio module, cellular modem, and sealed battery. Information is transmitted and 

viewed using the web-based GUI, and web-based software can be viewed from any device 

connected to the internet. The sensors can be installed in 30 minutes on roadways and bridge 

decks. The sensor has a battery life of five to seven years. A summary of the working parameters 

and functional capabilities of the sensors are shown in Figure 17. 
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MH Corbin n.d.  

Figure 17. Summary of VX21-1/VX21-2 pavement sensor options 

Table 19 provides a summary of in-pavement salinity sensors, with example photographs, 

manufacturers, model names, and references for additional information.  

Table 19. Summary of in-pavement salinity sensors 

Photo Company Model Reference 

 

Vaisala 

Bridge 

surface 

sensor 

http://www.vaisala.com/en/products/surfacesensors/Pag

es/Bridge-Surface-Sensor.aspx  

 

Vaisala DRS511 
http://www.vaisala.com/en/products/surfacesensors/Pag

es/DRS511.aspx  

http://www.vaisala.com/en/products/surfacesensors/Pages/Bridge-Surface-Sensor.aspx
http://www.vaisala.com/en/products/surfacesensors/Pages/Bridge-Surface-Sensor.aspx
http://www.vaisala.com/en/products/surfacesensors/Pages/DRS511.aspx
http://www.vaisala.com/en/products/surfacesensors/Pages/DRS511.aspx
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Photo Company Model Reference 

 

Vaisala 
SSI 

FP2000 

http://www.vaisala.com/en/roads/products/roadweathers

ensors/Pages/FP2000.aspx  

 

Boschung IT-Sens http://www.boschungamerica.com/pavement-sensors  

 

Boschung Bopas http://www.boschungamerica.com/pavement-sensors  

 

Boschung BOSO III http://www.boschungamerica.com/pavement-sensors  

 

Boschung ARCTIS http://www.boschungamerica.com/pavement-sensors  

 

Lufft 
ARS31Pr

o-UMB 

http://www.lufft.com/en/products/road-

sensors/intelligent-active-road-sensor-ars31pro-umb-

8810u051/  

 

Lufft 
IRS31Pro

-UMB 

http://www.lufft.com/en/products/road-

sensors/intelligent-passive-road-sensor-irs31pro-umb-

8910u102/  

 

MH 

Corbin 

VX21/V

X22 

http://www.mhcorbin.com/products/manufactured-

products/vx-pavement-sensor  

 

Portable (But Not Vehicle-Mounted) Sensors 

There are many types of portable salinity sensors that test the concentration of salt solutions. 

However, most are only capable of testing the liquid solutions in a container rather than the salt 

concentration on pavement surfaces (Hussain and Hawas 2008, Rahman 2011) and are therefore 

limited to measuring residual chloride on the pavement. Portable sensors provide flexibility in 

http://www.vaisala.com/en/roads/products/roadweathersensors/Pages/FP2000.aspx
http://www.vaisala.com/en/roads/products/roadweathersensors/Pages/FP2000.aspx
http://www.boschungamerica.com/pavement-sensors
http://www.boschungamerica.com/pavement-sensors
http://www.boschungamerica.com/pavement-sensors
http://www.boschungamerica.com/pavement-sensors
http://www.lufft.com/en/products/road-sensors/intelligent-active-road-sensor-ars31pro-umb-8810u051/
http://www.lufft.com/en/products/road-sensors/intelligent-active-road-sensor-ars31pro-umb-8810u051/
http://www.lufft.com/en/products/road-sensors/intelligent-active-road-sensor-ars31pro-umb-8810u051/
http://www.lufft.com/en/products/road-sensors/intelligent-passive-road-sensor-irs31pro-umb-8910u102/
http://www.lufft.com/en/products/road-sensors/intelligent-passive-road-sensor-irs31pro-umb-8910u102/
http://www.lufft.com/en/products/road-sensors/intelligent-passive-road-sensor-irs31pro-umb-8910u102/
http://www.mhcorbin.com/products/manufactured-products/vx-pavement-sensor
http://www.mhcorbin.com/products/manufactured-products/vx-pavement-sensor
http://www.boschungamerica.com/node/54
http://www.boschungamerica.com/node/52
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measurement due to their easy and fast operation, but these sensors require manual measurement, 

which may decrease efficiency, create operation inconvenience, and cause potential safety issues 

if personnel have to leave the vehicle and walk onto the road to collect data. Available portable 

salinity sensors are presented below. 

Boschung SOBO-20 

SOBO-20 is a salt measuring product manufactured by Boschung that is used by winter 

maintenance personnel to quantify the residual salt content on a pavement surface. According to 

the technical data provided by the manufacturer, the SOBO-20 is 900 mm tall and 60 mm in 

diameter, with a container capacity of about 1.5 L that allows for about 35 measurements. Figure 

18 shows the physical design of the SOBO-20, including its four main parts.  

 
From Lysbakken and Lalagüe 2013, which cites figure is from Nygaard 2003, which is actually Nygaard 2005 

Figure 18. Schematic drawing and photograph of the SOBO-20 salinity measuring device 

Similar to the working principles of many conventional salinity measurement instruments, the 

SOBO-20 operates by measuring the electrical conductivity of a mixture by adding a certain 

amount of fluid (e.g., 85% water and 15% acetone) to the road surface and calculating the 

residual salt content based on the relationship between electrical conductivity and salt 

concentration. The measurement can be done in a few seconds and is reported in g/m2. However, 

based on experience in the United Kingdom, it shows limited practical use as a suitable mobile 

pavement analysis device because it involves injection of anti-freezing liquid into a small 

chamber pressed onto the pavement (Highways Agency 2007). Table 20 summarizes the 

beneficial features and limitations of the SOBO-20. 
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Table 20. Beneficial features and limitations of the SOBO-20 

Beneficial features Limitations 

1. Measures salt in terms of quantity per unit 

area (g/m2). 

2. Works when minimal fluid is available on 

the pavement surface because of the 

addition of the water and acetone mixture. 

3. Can be used on dry road surface. 

4. Portable and requires no installation or 

power supply. 

5. Measuring procedure is simple.  

6. Produces instantaneous readings and no 

further analysis is required. 

1. Only detects between 5% and 6% of dry 

salt particles. 

2. Does not allow salt crystals to dissolve. 

3. When measuring dry or pre-wetted salt, the 

displayed value has to be interpreted only 

as the quantity of dissolved salt on the road 

surface, not total salt quantity. 

Lysbakken and Lalagüe 2013 

Table 21 provides information based on a series of laboratory and field tests conducted by 

Lysbakken and Lalagüe (2013) that highlights the performance and features of the SOBO-20 in 

practical applications. 
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Table 21. Performance and features of SOBO-20 in application 

Test 

Surface 

texture Experimental figure Conclusion 

Calibration test Smooth 

 

According to the good fitness of 

applied and detected salt quantities 

(R = 0.9996), it shows that SOBO-20 

has quite accurate performance in 

measuring dissolved salt on smooth 

road surfaces. 

Test of the acetone 

content of the 

measuring fluid  

Smooth 

 

Testing the effect of acetone content 

in the measuring fluid on the 

measurements indicates that lowering 

the acetone content will increase 

errors in the readings. If only distilled 

water is used in the SOBO-20 

measurements, a range of 45% to 

66% errors will occur greater than the 

actual applied quantity. 



55 

Test 

Surface 

texture Experimental figure Conclusion 

Measurements of 

salt grains  
Smooth 

 

When measuring salt grains, SOBO-

20 is only able to detect 

approximately 5% to 6% of the salt 

quantity for the one salt grain or two 

salt grain measurements. 

Measurements of 

re-crystallized salt 
Smooth 

 

Based on the test results and 

regression curve when re-crystallized 

brine is measured, SOBO-20 

underestimates detection, with only 

about 58% of the applied salt 

observed. 
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Test 

Surface 

texture Experimental figure Conclusion 

Calibration test Asphalt 

 

Similar to the good performance on 

the smooth surface, SOBO-20 is able 

to quite accurately perform 

measurements on asphalt pavement 

with a regression R2 close to 1. 

Measurements of 

re-crystallized salt 
Asphalt 

 

Compared to the underestimated 

measurements produced by SOBO-20 

on smooth surfaces (approximate 

58%), when measuring re-crystallized 

salt on asphalt pavements, SOBO-20 

on average shows a lower percent of 

detection, with only about 49% of the 

quantity able to be read. 

Lysbakken and Lalagüe 2013
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The advantages and disadvantages of in-pavement salinity sensors and portable (but not vehicle-

mounted) salinity sensors are summarized in Table 22. 

Table 22. Summary of the advantages and disadvantages of in-pavement and portable (but 

not vehicle-mounted) salinity sensors 

Salinity sensor type Advantages Disadvantages 

In-pavement salinity 

sensors 
 Easy installation 

 Can be networked  

 Comparatively 

inexpensive 

 Only provide information at their 

location 

 May need to be replaced more 

frequently due to harsh conditions 

and with re-paving. 

Portable (but not 

vehicle-mounted) 

salinity sensors 

 Flexible measurement 

locations 

 Easy maintenance 

 Comparatively moderate 

cost 

 Only provides data at location of 

testing. 

 Require manual measurements 

and therefore the need to leave the 

vehicle, which increases time and 

inconvenience. 

 Safety issues caused by leaving 

the vehicle to take measurements 

in the roadway.  
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